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" FINAL REPORY

EE: The last three years have beesn very eventful aand fruitfel is terms of

: scieatific achievement aad pudlication,. After as imitial rebuildisg period
}E iz 1976-1977 dering which our la‘otltory was moved from SRI and
;i seestablished at qsc_zy. began a program  uwnder ARO spoasorship of
‘ investigatiang the eho-istry and mechanisms sssociated with cool flames,
ii; igaition, combmstion aad imhibition. Ve can smow testify to impressive
- progress ia all of these areas as ;011 ss siganificant nmev results ia
(: related aress. ° Our investigations have iacluded both sexperimentsl and
N theoretical studlo; pnd these are semmarized briefly here.

I. Nechanism is Combustion amd Related Progcsscs

s ‘ Ve have aow co-plotod for the fitst time s molecular mechaniss which
;; includes rate comstasts for all the key steps ia the oxidation aad
o combustioa of Cl4 to C,l' hydrocarbons (363,382). Ve cam account for cool
5' flames, the iaductions periods leading te cooi flames, the hot igaitioam or
E; quenchiag followiang cool flames and the iaductioa periods leadiag to hot
2; ignition. The same mechanism successfully account for the oxidation and
43 breakdowa of Ilubricatiag oils and for the periodic flames observed ia
Sf oxidizisg flov systems. This work cas mov offer a framework withis dyaamic
. effects may be imvestigated. Ve have also elucidated the mechanisms of
% oxidation eof NI (371), NCl and EBr (372) and the formatioa eof soot ia
% hydrocarbon flames. |

&

_ I1. Ihersochemistry of Radicals Isporseat is Combustion Progess

i' Ia order te provide the detailed mechanism of oxidation we have had to
%
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measure thermochemical properties (AH®, 8¢ and C;) of some key radiceals.

These include the following: !02 (378,381), cn,oz (391), B0, (377),

2
BtOCICIs (385), tBu (386), CI,CO (387) and CICl2 (369). Sulfur has turaed
ost to be a very importamt species ia combustion, primarily decause of its

coatridbstion to air pollutiom amd scid rein. These in tura will Dave

" impacts on the kinds of fuwels we will wse iz the future and/or the kinds of
EE emission coatrols that may be required onm combustios devices. This Dhas
;ff inspired ws to investigate the chemistry of ozgasic sslfur containing
;._ radicels and the mechanisms of their pyrolysis amd oxidation. Iz the

course of this wvork we have measured thermochemical properties for cnss'
Y (373), CllzsCIl3 (393) and & swmber of related molecular aad radical species.
From this lave come zev imsights into mechanisms of isomerization anmd
pyrolysis of sulfur comtasinmimg agemcies (394) anmd the first iasight iato

COS and CS2 formation in flasmes sad incimerators.

IIX. Theoretical Studies ia Kinetigs

| Perhaps eme of omr most importent studies khas been those on
recombination aad disproportiomation of alkyl radicals (375). This
establishes a model]l which can reprodsce the respective rate Veonota-ts to
withizs 20% over the temperature rasge from ambieat to flame temperatures.
This has ‘ns one immediate eolccq‘:ico the sbility to predict the iaverss
- rate constants for bead fission and molecule/olefin disproportionation just
I from kaowledge of molecslar structure.
.... Asother importast achievemeant has beom to soastruct s model which has
been sble to explais the very puszzlisg smegative activatioan eaergies
observed ia lov temperature atmospheric processes (388). Rate comstants at

200-350°Kk have frequently beea very differeat from their values

extrapolated from observations ias flame systems at 1600-2200°K. Our aew
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mode]l mov explaiams these amomalies for the very importast flape reactioa

OB + CO (389) for HO

2 self-reactioas (392) and for OH resctions with polar

species (390).

A vori‘i;portult observation kaova for some time from (TST) tramsitioa
- state theory but nov confirmed ia flame stadies is that ;ho 2-parameter
% Arrhenius equation is inadequate to represest rate coastasts over aay large
e temperature require., One mesds to uwse the 3-parsmeter fora AI'oxp(-BIIT)
and it ces be showa th;t 2 can be calculated from TST with much Vbcttot

precision than it cam be measured.

iﬁf IV. Ezperimesatsl Desigs
3 . One of our most useful employmeats ian this recent period has been the
redesiga of our VLPR system to uwse turbo-molecsular pumps amd additiomal
pumping stages. It is mov close in operatioa to a molecular beam system
and cas loas-ro.nto-s dows to 10,/ce sad radicals down to lo;olee. Ve are
still studyiag the sonsitlvify aad performance of the sy;fo- in detail.
Receatly we fouand that our microwave discharge produced both grownd an@
excited state of halogen atoms. This has been of importesce oaly with Br
where the discovery has made pﬁssiblo the measuremeat of rate coamstast of
nr(’r ) as well as grouad state (’r

N V7 372
limited only by available funds and menpover.

). This is s coantimwiag process

To avoid excited electromic stetes we have explored amd developed

thermal sources for Br aad Cl atoms which seem to vork well,

V. ZTheory of Ionic Bolvatiom

Coavinced that ions-pairs and ionic processes may play s role in lovw

temperature oxidations we have begua theoretical studies of poteatial

e
N
5? functions to describe ioa-ion and ioa-solvent interactions
4
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diatomic slkali halide molecule,

Tloso have boen very successful in accounting for Al;

crystals sad dimers as well as successive

bydratios energies of isdividssl ioms.
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